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The present article investigates the flow and heat transfer of Sisko nanofluid over a permeable vertical stretching surface 
in a porous medium. The effect of buoyancy, suction, and viscous dissipation has been taken into account. Buongiorno’s 
model of nanofluid consisting of thermophoresis and Brownian diffusion has been considered. Moreover, zero nanoparticle 
mass flux condition is employed at the boundary which leads to a more realistic physical problem. Using a suitable 
transformation governing partial differential equations of fluid flow are transformed into a set of nonlinear ordinary 
differential equations (ODEs). The numerical solution of nonlinear ODEs are obtained using the finite difference technique 
in MATLAB. The influence of physical parameters viz. buoyancy parameter (𝜆∗), porosity parameter (𝛽∗), thermophoresis 
parameter (𝑁𝑡∗), suction parameter (𝑓௪∗), Sisko material parameter (𝐴∗), Brinkman number (𝐵𝑟∗), Brownian diffusion 
parameter (𝑁𝑏∗) and Lewis number (𝐿𝑒∗) on velocity, temperature and nanoparticle volume fraction are shown graphically. 
Moreover, to understand the physical phenomenon in the boundary layer region, the numerical values of skin friction and 
Nusselt number are calculated and presented through table values. It has been found that the Brownian diffusion has a 
negligible impact on Nusselt number relative to the results obtained in previous studies, where nanoparticle volume fraction 
on the boundary was actively controlled. The obtained results disclose that the buoyancy parameter increases the velocity of 
fluid while it reduces the temperature. Suction parameter reduces both velocity and temperature, whereas the porosity 
parameter reduces velocity and enhances the temperature and nanoparticle volume fraction. 
Keywords: Sisko nanofluid, Buoyancy effect, Suction, Viscous dissipation, Porous medium, Nanoparticles mass flux 
condition 
 
1 Introduction 
The flow over a stretching sheet has gained 
considerable attention due to its important role in the 
production of polymers, aerospace applications, metal 
casting and thus remains at the leading edge of 
technology development. In view of such 
applications, Crane1 initiated the analytical study of 
boundary layer flow of viscous fluid due to the 
stretching of an elastic sheet in its own plane. He 
assumed linearly varying velocity along the distance 
from a fixed point due to the uniform stress. Later on, 
many researchers2-4 extended the work of Crane by 
assuming different physical conditions on flow, heat 
and mass transfer. 
The concept of boundary layer flow has gained 
considerable importance due to its vast applications in 
the calculation of the skin-friction drag, such as the 
drag of a ship or of an airplane wing, the drag 
experienced by a flat plate at zero incidence, turbine 
blade or aircraft nacelle, etc. The problems of heat 
and mass transfer between a flowing fluid and a solid 
body also belong to the class where boundary layer 
phenomenon plays a key role. In the regions of an 
adverse pressure gradient or in case of steep pressure 
curves, boundary layer separation occurs. Suction is 
an effective method for the prevention of separation 
in the boundary layer. It removes the deaccelerated 
fluid particles from the boundary layer before they 
cause separation. Moreover, owing to the absence of 
separation the amount of pressure drag is greatly 
reduced. Suction is successfully used in airplane 
wings to increase the lift and in recent times it is 
applied to reduce drag. Some studies dealing with the 
effect of suction on flow and heat transfer are 
mentioned in Gupta and Gupta5, Reddy and Sidawi6, 
Gupta et al.7, etc.  
In the heat transfer process of many practical 
problems, viscous dissipation plays an important role. 
The heat generated due to viscous dissipation increases 
temperature near the wall. Brinkman8 was first, who 
investigated the heat transfer in fluid flow and analyzed 
the temperature distribution in a capillary, due to heat 
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dissipation. A mathematical model of viscous 
dissipation within a fluid-saturated porous medium has 
been studied by several researchers9-11 in different 
ways. For the viscous dissipation effect in Darcy 
medium, they have included only one term with the 
velocity derivative, which is found to be infeasible in 
many practical cases. Al-Hadhrami et al.12 proposed a 
more appropriate model for viscous dissipation in a 
porous medium. Later on, Sharma13 modeled the 
viscous dissipation effect, according to Al-Hadhrami  
et al. and obtained an approximate numerical solution 
using EFGM. 
The problem of mixed convection flow has been 
studied by many authors14-17 due to its practical 
importance in engineering processes such as 
petroleum extraction, in the storage of agricultural 
products, as a porous material heat exchanger, flows 
in the ocean and atmosphere, drying of porous solids, 
nuclear reactors, atmospheric boundary layer flows, 
solar collectors, etc. In many practical convection, the 
hydrodynamic and thermal boundary layer is affected 
by buoyancy forces due to heating or cooling of the 
stretching surface. Hayat et al.18 studied the 
characteristics of mixed convection in Burger 
nanofluid flow in the presence of both concentration 
and thermal stratification. Waqas et al.19 investigated 
the mixed convective flow of Jeffrey fluid over a 
moving stratified surface. Waqas et al.20 obtained the 
analytical solution of MHD flow of micropolar liquid 
due to a stretching surface using the Homotopic 
procedure. Waqas et al.21 studied the transport of 
radiative energy in viscoelastic nanofluid, taking into 
account convective conditions and buoyancy forces. 
In the fastest growing technology, the flow and  
heat transfer analysis of nanofluids has been given 
much attention due to its particular applications in 
solar water heating, domestic refrigerator-freezers, 
improving diesel generator efficiency, in a nuclear 
reactor, cooling of machines, transformer, and 
engines, etc. The term nanofluid refers to the fluid 
with enhanced thermal conductivity, formed by 
suspending nanoparticles in the base fluid and has 
been introduced by Choi22. In recent years, various 
researchers23-28 have elucidated the nanofluid flow and 
heat transfer by considering various physical aspects. 
In modern engineering applications and industrial 
processes, the role of heat and mass transfer is quite 
important. In addition to traditional research in 
internal combustion engines, power plants, air 
conditioning, and refrigeration, cutting-edge research 
such as additive manufacturing, thermal management, 
and nano transport phenomena in biological systems 
has become prominent. In various applications such 
as diesel-electric conductor, solar thermal collector, 
electronic equipment, and nuclear reactor ongoing 
research in complex nanofluid has been fruitful. A 
substantial amount of nanoparticles serves for deeper 
absorption of incident radiation and thus improves the 
solar thermal collector's performance29,30. 
All of the above-mentioned studies are restricted to 
Newtonian fluids. However, due to wide occurrence 
and enormous practical utility of non-Newtonian fluids 
in industrial and biological sectors including polymer, 
plastic, food, mineral suspensions, pharmaceutical, 
cosmetics, personal care products, construction 
materials, etc. flow and heat transfer analysis of non-
Newtonian fluids has become the main area of research 
nowadays. Hayat et al.31 studied the double stratified 
flow of Oldroyd-B liquid with chemical reaction and 
examined the heat transfer characteristics using the 
non-Fourier heat flux model. Eid et al.32 proposed 
Carreau nanofluid flow over a porous nonlinear 
stretching surface. Recently, Bisht and Sharma33 
obtained the non-similar solution of casson nanofluid 
with variable thermal conductivity and viscosity. 
Waqas34 analyzed the ferromagnetic williamson fluid 
flow considering magnetic dipole and found that 
temperature and velocity fields have reverse conduct 
for the ferrohydrodynamic interaction parameter. So, it 
is observed from the available literature that several 
mathematical models have been proposed to describe 
the non-Newtonian fluids present in nature, among 
which one is Sisko model35. Sisko fluid model was 
initially proposed for the measurements of high shear 
rates on lubricating grease. Further, it can be 
effectively used for non-Newtonian fluids over a wide 
range of shear stresses. This model is good at 
predicting the shear thinning and shear thickening 
behavior of the fluid. It is a three-parameter model 
which is basically a generalization of both viscous and 
power-law fluid models.  
The flow and heat transfer over a stretching surface 
in porous media is an important phenomenon in many 
disciplines of science and engineering. The most 
common examples include chemical reactors, 
hydrology, geophysics, groundwater flow, heat 
exchange systems, insulation engineering, and oil 
recovery processes. Moreover, the magnetic effect 
and porous medium are often used to control the 
transport phenomenon in electrically conducting 
media. Eid and Mahny36 investigated the flow and 
heat transfer of Sisko nanofluid saturated porous 
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medium with heat absorption/ generation. Doh et al.37 
used the Cattaneo-Christov heat flux model to study 
the three dimensional Sisko fluid flow through a 
porous medium. Soomro et al.38 investigated the Sisko 
nanofluid flow, heat and mass transfer subjected to 
the transverse magnetic field and thermal radiation. 
Ahmad and Khan39 portrayed the influence of 
chemical reaction and activation energy on the MHD 
Sisko nanofluid through a porous curved surface. 
Sharma and Bisht40 investigated the impact of Joule 
heating on heat transfer and flow of the Sisko 
nanofluid. Recently, Asghar et al.41 presented the first 
theoretical model that analyses the mass and heat 
transfer impacts on peristaltic flow generated due to 
the wavy walls in a porous curved channel. 
To the best of authors knowledge flow and heat 
transfer of Sisko nanofluid over a vertical stretching 
sheet with viscous dissipation effect in a porous 
medium has not been given due attention. So, we fill 
the gap in the literature by investigating the effect of 
buoyancy and viscous dissipation on the flow and heat 
transfer of Sisko nanofluid over a permeable vertical 
stretching sheet dipped in a porous medium. In this 
article, viscous dissipation effect is modeled according 
to Al-Hadhrami et al.12 and a zero nanoparticle mass 
flux condition at the boundary is considered according 
to Kuznetsov and Nield42. The numerical results of the 
skin friction, Nusselt number, velocity, temperature, 
and nanoparticle volume fraction for different physical 
parameters are presented through tables and graphs. 
 
2 Mathematical Model 
Consider a 2-D, steady flow of Sisko nanofluid 
along a vertical permeable stretching sheet embedded 
in a porous medium in the presence of a magnetic 
field and viscous dissipation effects. The y-axis is 
taken as a horizontal plane and the x-axis is vertical to 
it. The flow is restricted in the 𝑦 ൐ 0 region. The fluid 
motion arises due to continuous stretching surface 
velocity 𝑈௪ ൌ 𝑐𝑥௦∗, where 𝑠∗ ൐ 0 denotes the 
stretching rate of the sheet and 𝑐 denotes a positive 
real number. A physical model and coordinate system 
are sketched in Fig. 1. The magnetic field of strength 
B଴ is imposed on the fluid particles in the direction 
perpendicular to the x-axis and it is sufficiently weak 
to ignore hall effects and induction. The nanoparticle 
volume fraction is passively controlled by employing 
zero nanoparticle mass flux condition at the boundary. 
The stretching sheet is in contact with hot fluid with 
temperature 𝑇௪. The flux of the nanoparticle volume 
fraction at 𝑦 ൌ 0 is taken to be zero. Temperature and 
nanoparticle volume fraction in the free stream is 
taken as constant, i.e., 𝑇∞ and 𝐶∞. 
On the basis of Boussinesq and boundary layer 
approximation, the governing equation of flow in two 
dimensions are as follows36: 
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and associated boundary conditions are: 
 
At y ൌ 0: 𝑢 ൌ 𝑈௪ ൌ 𝑐𝑥௦∗, 𝑣 ൌ 𝑣௪,  
𝑇 ൌ 𝑇௪,  𝐷஻ ∂𝐶∂𝑦 ൅
𝐷்
𝑇∞
∂𝑇
∂𝑦 ൌ 0 
 
and as y → ∞: 𝑢 → 0, 𝑇 → 𝑇∞, 𝐶 → 𝐶∞  … (5) 
 
Where, velocity components of the fluid in ሺ𝑥, 𝑦ሻ 
direction are ሺ𝑢, 𝑣ሻ, 𝑛∗ሺ൒ 0ሻ is power-law index, 𝑎∗ 
and 𝑏∗ are material constants for Sisko fluid, 𝐵଴ is the 
magnitude of the applied magnetic field. 𝛼, 𝜅 and 𝐾௣∗ 
are the thermal diffusivity, thermal conductivity, and 
permeability of the porous medium, 𝜌௡௙ is the 
nanofluid density, 𝜎 is the electrical conductivity, 𝐷் 
and 𝐷஻ denotes the thermophoresis diffusion 
 
Fig. 1 — Flow model and coordinate system. 
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coefficient and the Brownian diffusion coefficient, 
respectively. 𝛽୲ denotes the coefficient of thermal 
expansion, 𝑣௪ is mass flux velocity (𝑣௪ ൐ 0 denotes 
suction and 𝑣௪ ൏ 0 denotes injection), 𝜏 ൌ ሺఘେሻ೙೛ሺఘେሻ೙೑ 
represent the ratio of the effective heat capacity of the 
nanoparticle to the heat capacity of nanofluid. 
In Eq. (5), statement 𝐷஻ ப஼ப௬ ൅
஽೅
∞்
ப்
ப௬ ൌ 0 ensures that at 
the boundary with thermophoresis taken into account, 
the normal flux of nanoparticles is zero (Kuznetsov 
and Nield42). 
Following similarity transformations are introduced: 
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Where, 𝑅𝑒௕∗ ൌ ఘ೑ ௫
೙∗௎మೢష೙∗
௕∗  is modified Reynolds 
number and 𝜍ሺ𝑥, 𝑦ሻ is the stream function defined as: 
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Using Eqs (6 and 7), Eqs (2-5) thereby reduces to 
the following nonlinear coupled ordinary differential 
equations: 
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𝑃𝑟∗ ቀ௦∗ሺଶ௡∗ିଵሻାଵ௡∗ାଵ ቁ 𝑓𝜃′ ൌ 0 ··· … (9) 
 
𝜙′′ ൅ ே௧∗ே௕∗ 𝜃 ′′ ൅ 𝐿𝑒∗𝑃𝑟∗ ቀ
௦∗ሺଶ௡∗ିଵሻାଵ
௡∗ାଵ ቁ 𝑓𝜙′ ൌ 0  … (10) 
 
and the transformed boundary conditions are: 
 
𝑓ሺ0ሻ ൌ 𝑓௪∗,  𝑓 ′ሺ0ሻ ൌ 1, 𝜃ሺ0ሻ ൌ 1, 𝑁𝑏∗𝜙′ሺ0ሻ ൅
𝑁𝑡∗𝜃 ′ሺ0ሻ ൌ 0  
 
As 𝜂 → ∞, 𝑓 ′ሺ𝜂ሻ → 0, 𝜃ሺ𝜂ሻ → 0, 𝜙ሺ𝜂ሻ → 0  … (11) 
 
Where, the prime denotes differentiation with respect 
to 𝜂. The fluid regime is completely governed by 
physical parameters viz. Sisko material parameter 𝐴∗, 
suction parameter 𝑓௪∗ (𝑓௪∗ ൐ 0 suction and 𝑓௪∗ ൏ 0 
injection), Eckert number 𝐸𝑐∗, modified Prandtl 
number 𝑃𝑟∗, magnetic parameter 𝑀∗, Brinkman 
number 𝐵𝑟∗, thermophoresis parameter 𝑁𝑡∗, modified 
Reynold’s number ሺ𝑅𝑒௕∗ and 𝑅𝑒௔∗ሻ, Brownian 
diffusion parameter 𝑁𝑏∗, buoyancy ratio parameter 
𝑁𝑟∗, porosity parameter 𝛽∗, Lewis number 𝐿𝑒∗, 
thermal Grashoff number 𝐺𝑟∗ and buoyancy 
parameter 𝜆∗. The mixed convection flow is measured 
by the buoyancy parameter 𝜆∗ (where 𝜆∗ ൐൐ 1 
implies forced convection may be ignored, 𝜆∗ ൎ 1 
combined forced and free convection, 𝜆∗ ൏൏ 1 
implies free convection may be neglected). 
 
𝐴∗ ൌ 𝑅𝑒௕∗
ଶ/ሺ௡∗ାଵሻ
𝑅𝑒௔∗ , 𝐸𝑐
∗ ൌ 𝑈௪
ଶ
𝐶௡௙ሺ𝑇௪ െ 𝑇∞ሻ, 
 
𝑀∗ ൌ ఙ୆బమ௫ఘ೙೑௎ೢ, 𝐵𝑟
∗ ൌ 𝐸𝑐∗𝑃𝑟∗, 𝑁𝑏∗ ൌ ఛୈా஼∞ఈ , 𝑓௪∗ ൌ
௩ೢ ሺ௡ାଵሻ
௎ೢ ሺ௦∗ሺଶ௡ିଵሻାଵሻ 𝑅𝑒௕∗
భ
೙శభ, 𝑃𝑟∗ ൌ 
 
𝑥𝑈௪
𝛼 𝑅𝑒௕∗ି
ଶ/ሺ௡∗ାଵሻ, 𝑁𝑡∗ ൌ 𝜏D்ሺ𝑇௪ െ 𝑇∞ሻ𝛼𝑇∞ ,  
 
𝐿𝑒∗ ൌ ఈୈా , 𝑅𝑒௕∗ ൌ
ఘ೙೑ ௫೙∗௎మೢష೙∗
௕∗ , 𝛽∗ ൌ
ఔఌ௫
௄೛∗ ௎ೢ, 
𝐺𝑟∗ ൌ ௚ఉ೟ሺ்ೢ ି ∞்ሻ௫యఘ೙೑
మ
௔∗మ , 𝑅𝑒௔∗ ൌ
ఘ೑௎ೢ௫
௔∗ , 𝑁𝑟∗ ൌ
 ఉ೎஼∞ఉ೟ሺ்ೢ ି ∞்ሻ, 𝜆
∗ ൌ ீ௥∗ோ௘ೌ∗మ  
 
3 Physical Quantities of Interest 
The important boundary layer characteristic, i.e., 
skin friction (dimensionless shear stress at the wall) 
and local Nusselt number (the heat transfer rate at the 
wall) is given by the following expressions, 
respectively: 
 
𝐶௙௫ ൌ ଶఛೣ೤ఘ೙೑ ୙౭మ   … (12) 
 
𝑁𝑢௫ ൌ ௫௤ೢ఑ ሺ்ೢ ି ∞்ሻ  … (13) 
 
Where,  
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𝑞௪ ൌ െ𝜅 ப்ப௬ቚ௬ୀ଴  … (15) 
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Now using Eqs (6 and 7) the aforementioned 
relations in the non-dimensional form can be given as: 
 
ଵ
ଶ 𝐶௙௫𝑅𝑒௕∗
ଵ/ሺ௡∗ାଵሻ ൌ 𝐴∗𝑓′′ሺ0ሻ െ ሺെ𝑓′′ሺ0ሻሻ௡∗  … (16) 
 
𝑅𝑒௕∗ିଵ/ሺ௡
∗ାଵሻ𝑁𝑢௫ ൌ െ𝜃′ሺ0ሻ  … (17) 
 
We must note that dimensionless mass flux, i.e., 
Sherwood number 𝑆ℎ௫ is identically zero here. 
 
4 Numerical Solutions 
The nonlinear coupled ordinary differential  
Eqs (8–11) are converted into a system of first-order 
ODEs with associated boundary conditions using new 
variables. Numerical solutions are obtained using a 
finite difference method in MATLAB. It is a finite 
difference code that uses a collocation method which 
is fourth-order accurate. The relative error tolerance is 
set to 0.5 ൈ 10ିଵ଴ . To solve these equations it is 
assumed that: 
 
𝑓 ൌ 𝑧ଵ, 𝑓′ ൌ 𝑧ଶ, 𝑓′′ ൌ 𝑧ଷ, 
 
𝑓ᇱᇱᇱ ൌ െ ଵሺ௡∗ሺି௭యሻ೙∗షభା஺∗ሻ ቂെ𝑠
∗𝑧ଶଶ െ 𝑀∗𝑧ଶ ൅
ቀ௦∗ሺଶ௡∗ିଵሻାଵ௡∗ାଵ ቁ 𝑧ଵ𝑧ଷ െ 𝛽∗𝑧ଶ ൅ 𝜆∗𝑧ସ ൅ 𝑁𝑟∗𝑧଺ቃ  
 
𝜃 ൌ 𝑧ସ, 𝜃′ ൌ 𝑧ହ 
 
𝜃′′ ൌ െ ቈ𝐵𝑟∗ሺ𝐴∗𝑧ଷଶ ൅ ሺെ𝑧ଷሻ௡∗ାଵ ൅ 𝛽∗𝑧ଶଶ ൅  𝑀∗𝑧ଶଶሻ
൅ 𝑁𝑡∗𝑧ହଶ ൅ 𝑁𝑏∗𝑧ହ𝑧଻
൅ 𝑃𝑟∗ ቆ𝑠
∗ሺ2𝑛∗ െ 1ሻ ൅ 1
𝑛∗ ൅ 1 ቇ 𝑧ଵ𝑧ହ቉ 
 
𝜙 ൌ 𝑧଺, 𝜙′ ൌ 𝑧଻,  
 
𝜙′′ ൌ െ 𝑁𝑡
∗
𝑁𝑏∗ 𝑧ହ′𝐿𝑒
∗𝑃𝑟∗ ቆ𝑠
∗ሺ2𝑛∗ െ 1ሻ ൅ 1
𝑛∗ ൅ 1 ቇ 𝑧ଵ𝑧଻ 
 
with the following boundary conditions: 
𝑧ଵሺ0ሻ ൌ 𝑓௪∗,  𝑧ଶሺ0ሻ ൌ 1, 𝑧ସሺ0ሻ ൌ 1  
 
𝑁𝑏∗𝑧଻ሺ0ሻ ൅ 𝑁𝑡∗𝑧ହሺ0ሻ ൌ 0, 
 
𝑧ଶሺ𝜂∞ሻ ൌ 0, 𝑧ସሺ𝜂∞ሻ ൌ 0, 𝑧଺ሺ𝜂∞ሻ ൌ 0  
 
For the computational purpose and without the loss 
of generality 𝜂∞ (the edge of the boundary) has been 
fixed as 8. If 𝜂∞ is taken to be more than 8, there is no 
significant change in the values of velocity, 
temperature and nanoparticle volume fraction upto the 
desired order of accuracy 0.5 ൈ 10ିଵ଴ as given via. 
Table 1. 
 
5 Validation of the Code 
To validate our finite difference code, a 
comparison of the present result for Nusselt number is 
done with the published work of Wang43 and is shown 
in Table 2. This computation is carried out by 
assuming ( 𝐴∗ = 𝑀∗ = 𝛽∗ = 𝐸𝑐∗ = 𝜆∗ = 𝑁𝑡∗ =0, 
𝑁𝑏∗ → 0 and 𝐿𝑒∗ ൌ 1, 𝑠∗ ൌ 1, 𝑛∗ ൌ 1) and it shows 
good agreement with the results obtained by Wang43.  
 
6 Results and Discussion 
The velocity 𝑓′ሺ𝜂ሻ, temperature 𝜃ሺ𝜂ሻ, skin friction 
and nanoparticle volume fraction 𝜙ሺ𝜂ሻ for different 
physical parameters viz. Sisko material parameter 𝐴∗, 
suction parameter 𝑓௪∗, porosity parameter 𝛽∗, 
thermophoresis parameter 𝑁𝑡∗, buoyancy parameter 
𝜆∗, Brinkman number 𝐵𝑟∗, Brownian diffusion 
parameter 𝑁𝑏∗, Lewis number 𝐿𝑒∗ are shown via  
Figs 2-17 for both shear thickening ሺ𝑛∗ 1ሻ and shear 
thinning ሺ0 ൏ 𝑛∗ ൏ 1ሻ fluids. Impact of physical 
 
Table 1 — Values of velocity, temperature and nanoparticle volume fraction for different 𝜂∞. 
          𝜂∞         
 Velocity Temperature Nanoparticle volume fraction 
𝜂 6 8 10 6 8 10 6 8 10 
1 0.30212 0.30213 0.30213 0.37567 0.37576 0.37576 0.17804 0.17814 0.17814 
2 0.05466 0.05468 0.05468 0.08689 0.08701 0.08701 0.07059 0.07071 0.07071 
3 0.00675 0.00677 0.00677 0.01736 0.01749 0.01749 0.01641 0.01654 0.01654 
4 0.00085 0.00087 0.00087 0.00329 0.00342 0.00342 0.00324 0.00337 0.00337 
5 0.00011 0.00013 0.00013 0.00053 0.00066 0.00066 0.00053 0.00066 0.00066 
 
 
Table 2 — A comparison of local Nusselt number െ𝜽′ሺ𝟎ሻ for 
different values of 𝑷𝒓∗. 
𝑃𝑟∗ െ𝜃′ሺ0ሻ(Present) െ𝜃′ሺ0ሻWang43 
0.7 0.45404 0.4539 
2 0.91135 0.9114 
7 1.89540 1.8954 
20 3.35389 3.3539 
70 6.46219 6.4622 
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parameters 𝛽∗ and 𝑓௪∗ on skin friction and the heat 
transfer rate is given via. Tables 3 and 4. Table 5 
represents the independency of the Nusselt number 
with the Brownian diffusion parameter due to the 
involvement of zero mass flux condition at the wall. 
Skin friction reduces with increase in 𝛽∗ and 𝑓௪∗ as 
given in Table 3. The negative sign of skin friction 
coefficient implies that the drag force is exerted by 
stretching sheet on the fluid. Suction is applied to 
reduce the drag and stabilize the boundary layer44. 
Hence, skin friction reduces with increasing values of 
the suction parameter 𝑓௪∗ and porosity parameter 𝛽∗. 
The rate of heat transfer is governed by െ𝜃′ሺ0ሻ. 
Positive values of ሺെ𝜃′ሺ0ሻሻ imply that heat is 
transferring from plate to the fluid. Heat transfer rate 
reduces with increase in 𝛽∗ while a reverse trend is 
observed for 𝑓௪∗ as mentioned in Table 4. Hence, 
suction can be effectively used in many industrial 
processes to control the temperature. 
Table 5 shows the numerical values of Nusselt 
number or heat transfer rate ሺെ𝜃′ሺ0ሻሻ for different 
values of 𝑁𝑡∗ and 𝑁𝑏∗.The numerical result reveals 
that Nusselt number is a decreasing function of 
thermophoresis parameter 𝑁𝑡∗ while it is independent 
of Brownian diffusion parameter 𝑁𝑏∗ since the 
nanoparticle flux at the boundary is taken as zero. 
This result coincides with the explanation given by 
Kuznetsov and Nield42. Due to this zero mass flux 
condition at the boundary, Brownian motion’s 
contribution to the energy equation which is 
proportional to the nanoparticle volume fraction 
gradient becomes zero as the wall is approached.  
The impact of physical parameters 𝐴∗, 𝛽∗, 𝜆∗, and 
𝑓௪∗ on velocity profile 𝑓′ሺ𝜂ሻ is given in Figs 2-5.  
Figure 2 shows the effect of the Sisko material 
parameter 𝐴∗ on velocity. 𝐴∗ has an inverse 
relationship with the viscosity of the fluid in the 
power-law region, (i.e., consistency index 𝑏∗). So, 
when 𝐴∗ increases viscous forces become weaker, 
thus less resistance is offered to the fluid motion. 
 
Table 3 — Skin friction for various values of porosity parameter 𝛽∗ and suction 𝑓௪∗. 
 
𝑓௪∗  ൌ 0 𝑓௪∗ ൌ 0.5 𝑓௪∗ ൌ 1 𝑓௪∗ ൌ 2 
𝛽∗ 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 
0 -1.24424 -1.10548 -1.48937 -1.51983 -1.75729 -1.97355 -2.35291 -2.95206 
0.5 -1.48434 -1.35658 -1.72872 -1.76654 -1.99134 -2.20858 -2.56717 -3.15936 
1 -1.69307 -1.58766 -1.93596 -1.99430 -2.19430 -2.42770 -2.75568 -3.35665 
1.5 -1.87967 -1.80349 -2.12094 -2.20748 -2.37573 -2.63419 -2.92586 -3.54546 
2 -2.04971 -2.00723 -2.28933 -2.40900 -2.54109 -2.83034 -3.08210 -3.72696 
 
Table 4 — Heat transfer rate െ𝜃′ሺ0ሻ for various values of porosity parameter 𝛽∗ and suction 𝑓௪∗. 
𝑓௪∗  ൌ 0 𝑓௪∗  ൌ 0.5 𝑓௪∗ ൌ 1 𝑓௪∗  ൌ 2 
𝛽∗ 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 
0 0.53213 0.71834 1.02619 1.41254 1.60394 2.22237 2.87975 3.99187 
0.5 0.37868 0.58540 0.88693 1.29519 1.47926 2.11829 2.77871 3.90641 
1 0.24746 0.46528 0.76853 1.18796 1.37278 2.02169 2.69045 3.8251 
1.5 0.13174 0.35463 0.66442 1.08839 1.27876 1.93099 2.61121 3.74727 
2 0.02764 0.25135 0.57085 0.994871 1.193927 1.84508 2.538793 3.672458 
 
Table 5 — Heat transfer rate െ𝜃′ሺ0ሻ for various values of Brownian motion parameter 𝑁𝑏∗ and thermophoresis parameter 𝑁𝑡∗. 
𝑁𝑡∗ ൌ 0.3 𝑁𝑡∗ ൌ 0.9 𝑁𝑡∗ ൌ 1.5 𝑁𝑡∗ ൌ 2 
𝑁𝑏∗ 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 𝑛∗=0.8 𝑛∗=2 
0.2 0.39898 0.54166 0.27473 0.40464 0.16702 0.28636 0.08946 0.20157 
0.6 0.39898 0.54166 0.27473 0.40464 0.16702 0.28636 0.08946 0.20157 
1.2 0.39898 0.54166 0.27473 0.40464 0.16702 0.28636 0.08946 0.20157 
2 0.39898 0.54166 0.27473 0.40464 0.16702 0.28636 0.08946 0.20157 
 
 
Fig. 2 — Behaviour of 𝒇′ሺ𝜼ሻ with 𝑨∗ against 𝜼. 
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The impact of porosity parameter 𝛽∗ on velocity is 
shown in Fig. 3. 𝛽∗ has an inverse relationship with 
permeability 𝐾௣∗ of porous media. A larger value of 𝛽∗ 
causes stronger restriction to the fluid flow, which 
tends to slow down the fluid motion. Hence, the 
velocity of the fluid decreases with an increase of 𝛽∗. 
So we are sure that the result is consistent with the 
physics behind the concept of porosity. 
Figure 4 shows the variation in 𝑓′ሺ𝜂ሻ with 
buoyancy parameter 𝜆∗. Higher values of 𝜆∗ imply 
strong convection which tends to boost the flow 
velocity in the porous medium. Hence, velocity 
increases with increase in 𝜆∗.  
The impact of suction parameter 𝑓௪∗ on 𝑓′ሺ𝜂ሻ is 
given by Fig. 5. A suction act to increase the cohesion 
of fluid to the surface which tends to retard the 
development of flow. Thus, with an increase in 
suction fluid velocity decreases. 
The influence of physical parameters 𝜆∗, 𝛽∗, 𝑓௪∗, 
and 𝐵𝑟∗ on the temperatureprofile is shown in  
Figs 6-9. 
Figure 6 shows the behaviour of 𝜃ሺ𝜂ሻ against the 
buoyancy parameter 𝜆∗. With the increase in the 
buoyancy parameter 𝜆∗ there is a decrease in the fluid 
temperature. So, higher values of 𝜆∗ corresponds to 
 
Fig. 3 — Behaviour of 𝑓′ሺ𝜂ሻ with 𝛽∗ against 𝜂. 
 
 
Fig. 4 — Behaviour of 𝑓′ሺ𝜂ሻ with 𝜆∗ against 𝜂. 
 
 
Fig. 5 — Behaviour of 𝒇′ሺ𝜼ሻ with 𝒇𝒘∗  against 𝜼. 
 
Fig. 6 — Behaviour of 𝜽ሺ𝜼ሻ with 𝝀∗ against 𝜼. 
 
 
Fig. 7 — Behaviour of 𝜽ሺ𝜼ሻ with 𝜷∗against 𝜼. 
 
 
Fig. 8 — Behaviour of 𝜽ሺ𝜼ሻ with 𝒇𝒘∗  against 𝜼. 
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the faster cooling of the stretching surface. Hence, the 
buoyancy parameter can be effectively used in many 
chemical and metallurgical processes to control the 
temperature. 
The presence of solid particles in the medium 
increases with an increase in the porosity parameter 
𝛽∗. This phenomenon decreases heat transfer, which 
tends to increase the temperature in a flow saturated 
porous regime. Hence, the temperature of fluid 
increase with an increase of 𝛽∗ as given by Fig. 7. 
Figure 8 depicts the behaviour of 𝜃ሺ𝜂ሻ with suction 
parameter 𝑓௪∗. The increasing values of suction 
parameter decreases the fluid temperature and hence 
suction can be used in industries for faster cooling  
of sheets. 
The impact of Brinkman number 𝐵𝑟∗ on the 
temperature profile is shown in Fig. 9. Brinkman 
number is the ratio of heat generated by viscous 
dissipation to the heat transfer by molecular 
conduction. It signifies the heat conduction from the 
wall to the flowing fluid. Higher the values of 
Brinkman number 𝐵𝑟∗, slower is the conduction and 
hence, larger will be the temperature. Hence, 
temperature increases with an increase of 𝐵𝑟∗. For 
𝐵𝑟∗ ൒ 1, its found that temperature overshoot near 
the wall. 
The variation in skin friction with buoyancy 
parameter 𝜆∗ for different values of suction 𝑓௪∗ is 
shown in Figs 10-11 for both shear thickening 
ሺ𝑛∗ ൐ 1ሻ and shear thinning ሺ0 ൏ 𝑛∗ ൏ 1ሻ fluids. 
Increase in 𝜆∗ increases buoyancy forces which  
tends to enhance the velocity. Now, since the skin 
friction increase with an increase in velocity so skin 
friction will be larger for larger values of buoyancy 
parameter 𝜆∗. From the figure, we can also conclude 
that skin friction decreases with increases in  
suction parameter 𝑓௪∗ for both shear thinning and 
shear thickening fluids. Suction is applied to  
reduce the drag. The effect of suction is to stabilize 
the boundary layer and a reduction in drag is  
achieved by preventing the transition from laminar to 
turbulent flow29. 
Figures 12-13 show the variation in temperature 
and nanoparticle volume fraction with thermophoresis 
parameter 𝑁𝑡∗. 𝑁𝑡∗ plays an important role in 
analyzing the temperature and nanoparticle volume 
 
Fig. 9 — Behaviour of 𝛉ሺ𝛈ሻ with 𝐁𝐫∗against 𝛈. 
 
 
Fig. 10 — Variation in skin friction with 𝑓௪∗ and 𝜆∗ for 𝑛∗ ൌ 0.8.
 
Fig. 11 — Variation in skin friction with 𝑓௪∗ and 𝜆∗ for 𝑛∗ ൌ 2. 
 
 
Fig. 12 — Behaviour of 𝜽ሺ𝜼ሻ with 𝑵𝒕∗ against 𝜼. 
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fraction distribution in the nanofluid flow. 
Thermophoretic forces are produced due to larger 
values of 𝑁𝑡∗ which migrates the nanoparticles in 
reverse direction of the temperature gradient. Hence, 
𝑁𝑡∗ increases the temperature and nanoparticle 
volume fraction.  
Figures 14-17 give variation in the nanoparticle 
volume fraction 𝜙ሺ𝜂ሻ with physical parameters 𝜆∗, 𝛽∗ 
and 𝑁𝑏∗ and 𝐿𝑒∗. 𝜙ሺ𝜂ሻ has typical behaviour with 𝜂. 
Nanoparticle volume fraction firstly increases,  
then decreases and finally becomes zero with an 
increase in 𝜂. 
The impact of the buoyancy parameter 𝜆∗ on the 
nanoparticle volume fraction is shown in Fig. 14. 
Higher values of the buoyancy parameter boost the 
buoyancy forces which results in increasing the mass 
transfer rate. Thus, nanoparticle volume fraction 
reduces with the enhancement of 𝜆∗. 
Figure 15 depicts the behaviour of 𝜙ሺ𝜂ሻ with 
porosity parameter 𝛽∗. The figure shows that 
nanoparticle volume fraction and corresponding 
boundary layer thickness increases with an increase in 
the porosity parameter 𝛽∗. 
The impact of Brownian diffusion parameter 𝑁𝑏∗ 
on 𝜙ሺ𝜂ሻ is shown in Fig. 16. With the increase in the 
value of 𝑁𝑏∗ the random motion of the nanoparticle 
increases. A larger value of Brownian diffusion 
parameter 𝑁𝑏∗ suppresses the diffusion of 
nanoparticle in a fluid regime which reduces the 
distribution of the nanoparticle volume fraction. 
The influence of Lewis number 𝐿𝑒∗ on the 
nanoparticle volume fraction is shown in Fig. 17. For 
 
Fig. 13 — Behaviour of 𝜙ሺ𝜂ሻ with 𝑁𝑡∗ against 𝜂. 
 
 
Fig. 14 — Behaviour of 𝜙ሺ𝜂ሻ with 𝜆∗ against 𝜂. 
 
Fig. 15 — Behaviour of 𝜙ሺ𝜂ሻ with 𝛽∗ against 𝜂. 
 
 
Fig. 16 — Behaviour of 𝜙ሺ𝜂ሻ with 𝑁𝑏∗ against 𝜂. 
 
 
Fig. 17 — Behaviour of 𝜙ሺ𝜂ሻ with 𝐿𝑒∗ against 𝜂. 
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larger values of 𝐿𝑒∗ mass diffusivity decreases, which 
tends to decrease the nanoparticle volume fraction 
profile. 
 
7 Conclusions 
The main motive of this paper is to present the 
numerical solution for the flow and heat transfer of a 
magnetohydrodynamic Sisko nanofluid through a 
vertical stretching sheet in porous medium. Viscous 
dissipation effects are also taken into account. 
Moreover, zero nanoparticles mass flux condition is 
employed which leads to the passive control of 
nanoparticle fraction at the boundary. Using a  
suitable transformation, governing partial differential 
equations of fluid flow are transformed into a set of 
nonlinear ODEs. Numerical solutions are obtained 
using a finite difference technique in MATLAB 
software. The main findings of the above 
computations are as follows:  
(i) The increasing values of the suction parameter 
𝑓௪∗ and porosity parameter 𝛽∗ helps in reducing 
the skin friction at the wall, 
(ii) Heat transfer rate enhances with 𝑓௪∗ and 
diminishes with 𝛽∗. Thus, by the effective use 
of these parameters fast cooling of the 
stretching sheet can be achieved. 
(iii) Porosity parameter 𝛽∗ and Brinkman number 
𝐵𝑟∗ heat up the porous regime. The fluid 
temperature increases with an increase in 𝛽∗ 
and 𝐵𝑟∗ while it shows reverse behaviour with 
the 𝑓௪∗ and 𝜆∗. Hence, the fluid temperature can 
be modified to desired values by controlling 
these parameters, 
(iv) Velocity profile increases with the increase in 
the Sisko material parameters 𝐴∗ and buoyancy 
parameter 𝜆∗ while it reduces with suction 
parameter 𝑓௪∗ and porosity parameter 𝛽∗, and  
(v) Nanoparticle volume fraction increases with 𝛽∗ 
while a reverse trend is observed for 𝜆∗, 
Brownian motion parameter 𝑁𝑏∗ and Lewis 
number 𝐿𝑒∗.  
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